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Boost Boost
W+ v W- e—
= g
________ _:_j_______ @--L .
B

at W rest frame at W rest frame

m Up quarks carry more momentum than down quarks
m W will head in the p direction
m W~ will head in the p direction
Differences between the u- and d-quark PDFs will result in different
asymmetries in the W boson rapidity distribution.
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W asymmetry

Asymmetry e+ e- Eta SIMULATED SAMPLE
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Charged Lepton Eta

m Because of V-A decay angular distribution of charged lepton is
F(6")+ = (1 £ cos*)?
m What we can measure is charged lepton 7 (pseudorapidity)
n = —3%in(tan %)
NF—Ng
N +Ng

m Asymmetry definition: Asy®®(ne) = —contains informations on

u(x)/d(x)!
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* CDF Detector
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General structure of
detector is that of collider
detectors

m Tracker in magnetic
field: COT and SVX

m Electromagnetic
Calorimeter

m Hadronic Calorimeter

west CMX (miniskirty  east m Muons detector

Electromagnetic calorimeter is in both central and plug region so it has high
1 coverage.

That's why we use W — ev!
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Why is an interesting measurement?

w . . .
Asymmetry m Charged lepton asymmetry is a convolution of W asymmetry production
Production 5

atCDF and W’s V-A decay.
Experiment . . . s .
Valentina m Without assumptions on neutrino’s p, (necessary in yw measurement)
{ . .
Vecchio uncertainty on PDFs is smaller.
Supervised . L .
Dy wis m Improvement in PDF uncertainties will reduce total error on W mass!
akumoto

My = 80387 + 19MeV /c?
Phys.Rev.Lett.108,151803(2012)

—— .
CDF | 80433 + 79
———
Do | 80483 + 84
————
DELPHI 80336 + 67
——
L3 80270 + 55
——
OPAL 80416 + 53
———
ALEPH 80440 + 51
——
Dol 80401 + 43
o
\World Average (2009) 80399 + 23
CDF |1 (preliminary) *80387 + 19
| | ! !

|
80000 80100 80200 80300 80400 80500 80600
W boson mass (MeV/c 2)
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W— ev (SIGNAL)

Asymee"y In general the process we study is W — ev + X

Producton m Experimental signature of W — ev event is high electron/positron Et
Sl associated at high £7 (Missing Transverse Energy) — LO;

\alentina m At NLO one of incoming parton can emit gluons and generate jets;
S m Electromagnetic shower in electromagnetic calorimeter has to match at
Sakumoto the best with pr track revealed by COT central tracker;

m In x-y charged lepton and £7 tend to be back to back(LO).
m Very hard to recostruct because of neutrino!

Event: 7235135 Run 276633 ExearType - DATA | Unprss: 135/014,16,1740,19.53.2355.56,

i
i
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W— ev (BACKGROUND)
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Supervised Many processes can simulate a W — ev decay.
by Willis
Sakumoto m QCD: fake electron in hadron jets comes from et e~ pairs, heavy quark
decay (bottom or charm) and hadron that fakes electron (=) .

Hard to simulate = MOST DIFFICULT!

m Z — eein which one of two electrons is miss reconstructed or goes in
dead regions of detector

m W — 7v (small) where 7 — evev;

m Z — 77 (small) where one 7 decays in hadrons and the other in leptons
can fake a signal event with a jet

Valentina Vecchio Supervised by Willis Sakumoto W Asymmetry Production at CDF Experiment September 22, 2015 8/19



Selection of W candidates

w
Asymmetry
Production
at CDF . . .
Experiment m General selection criteria
\(Ialen:_na m Electron Et > 25 GeV
Supervised m Electron must have an associated charge particle track
by Willis m MET > 25 GeV (for the undetected neutrino)

Sakumoto

m Only one electron candidate in the event (removes Z’s)
m Central detector region specific selections
m Data from central single electron dataset with Et >18 GeV
m Default high purity electron and track selections applied
m Eiso4/Et < 0.1: W decay electrons are typically isolated from event jet
activity
m Forward plug region specific selections
m Data is from two data sets
m Single forward electron with Et > 20 GeV (PEM20)
m Single electron with MET > 15 GeV (MET15_PEM20)
m The PEM20 online trigger rate is too large for all events to be written out
only 1in 25 are written
m Eiso4 < 4 GeV
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Summary of data sample with the default selections

Asymmetry
Production . . .
at CDF m Central electron selections give a relatively background free W sample

Experiment

Valentina m Plug electron selections have a problem: large backgrounds in the
Vecchio |OWer,E/T region

Superyi§ed
s m We have found that plug tracks are mostly junk and additional track

cleanup is required

Clean Electron + PEM20 Trigger Clean Electron + PEM20_MET15
C met E ™ met
= Entries 47856 Entries 368561
C Mean 13.25 E J 1 Mean 25.15
C RMS 10.03 E RMS 10.58
F — All Events E | — ATl Events
F - njet=0 E r -| —+— nejt=0
L Y 5 s —+—njet=1
e ™ - njet=1 E |J ¢, 1' njet=2
FA+ + njet=2 E T L —+— njet=3

™ E + njet>=4
c *, ~njet=3 6000~ — ’H‘A“H L=
C + E + G +g++*+++
+ B - . £3 *
500 . 4000} : e e ._x
i L‘—L_.-.,__r E = ol by

g - A L e E R .
Et e e B S

10 20 40 5 0 10 2 30 A 50 6

Met [GeV] Met [GeV]
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Forward tracking of the plug region

iy
R=29 cm | | //
-\ e
—= 17—
Port Cards .
s
SVX I —:ﬁ.j:// ot

W Asymmetry Production at CDF Experiment

m Electrons going into the forward
plug region have limited
acceptance in the COT central
tracker

m Forward tracking utilizes the pp
collision vertex, the silicon vertex
detector, and the plug shower
maximum position detector
(PES) for tracking space points

m Forward tracks are required to
pass through 3-8 layers of silicon
vertex detector sensors
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Plug track quality selection

Asymmetry

Moo’ Track quality parameters:

Ev;:::: m Number of silicon layers the track traverses (nsilfid)
S = Number of nhits found for the track (nnhits)

B m Track fit x2/number of nhits

m The matrix of is used to assess

nsilffid— | 3| 4|5 |6 |78 hat 1o reiect. and

—— m what to reject, an
nh!ts =3 XXX x| XX ® what to keep and clean-up with
nhits = 4 Xop X xop X x2/number of nhits cuts
nhits = 5 Xop XX m Benchmarks distributions
nhits = 6 x| x = ol Pem3x3x2 — Plug 3x3
nhits =7 X tower EM shower shape fit x2
nhits > 8 m MET distribution

Only events with electrons that satisfy nhits>nsilfid AND nhits#3 pass
selections. For each of them x2/number of nhits has to be <10
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Example of matrix elements
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T T T

9 10 11 12 9 10 11 12
el_y?/NSvxHits=7 el_y?/NSvxHits=3

As shown in these two examples good quality tracks have a "flat" x2/dof
distribution if nhits<layers.
This is the effect of junk tracks.
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Benchmark distribution and final cut
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7 8 9 10
ol_Pem3xachiz(o) [a.u]

Clean Electron + PEM20 + Good Quality Track Clean Electron + PEM20_MET15 + Good Quality Tracks
350 met E T met
E J_‘_.-LJ ]'I Eniles 9320 E Entries 120752
200 Mean  19.74 E J_ru h'-l Mean  30.86
[ RMS 13.43 E RMS 10.14
= — ATEvents E | [—ATEvents |
—— njet=0 F et £ —+— njet=0
—— njet=1 E PR =
+ njet=2 E o + njet=2
uith | : e
E % LLL i njet=3 E ¥ niatoct
150l i F

B i ]_|J L.L

E + Jr

E } +
100} ﬁ ﬂir LI.I'H _|‘|J uﬂ "] . *+LL|

i b I :

f N I ¥ + T e, S
F iy e E A i
e #ﬁﬁ **.tL.tt.“ +:—Eiﬂ$g A e ok et el
10 0 A 50 10 2 30 40 5 6
Met (Gev] Met [GeV]
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Befor & After cuts
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Low Instantaneous Luminosity VS High Luminosity

These plots don't include:
m background subtraction (the MET plots give the qualitative level)

m charge misidentification

Uncorrected Asymmetry

Corrected Asymmetry
o555 ooeoo0
S5

& =

P

2> 25 GeV

CDF-ll, 170 pb

CDF-II, 170 pb'
E;>25GeV

= — CTEQ6.1M

--- MRST02

= NLORESBOS (F Landry, et al. Phys RevD67:073016,2003)
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W Asymmetry
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W Asymmetry Production at CDF Experiment
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Summary
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S m We studied all possible background of W — ev channel and focused on
by Wilis the bigger one: QCD background

Sakumoto
m We checked that central region data are really good and they don'’t
need special studies.

m Plug region events had a large amount of background in the lower £7
region.
m Quality track studies before Met > 25 GeV cut

m Raw Asymmetry at High Luminosity seems to fit with Low
Instantaneous Luminosity measurement.
We succeded!
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BACKUP: Charge Misidentification 1
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Sakumoto Figure: Measured Figure: Prediction from track helix

PES 40 (mm)
{PES A0 (mm)
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12 14 16 18 2 22 24 26 28 12 14 16 18 2 22 24 26 28
In,, : positive curvature In,, : positive curvature
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BACKUP: Charge Misidentification 2
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